Analyzes of influence of the point thermal bridges of buildings with ventilated facade systems on the thermal properties of envelops are presented in the paper. The relation between the separate components of the envelop were made: thermal properties and thickness of supporting wall's layer; value of thermal conductivity and thickness of insulation layer. Studies have shown, that the value of the point thermal transmittance, which depended on the thermal properties of the envelop and thickness of the layers, might increase to 35%. The higher thermal conductivity coefficient of the material of the supporting wall and thickness of the insulation layer, the larger value the point thermal transmittance. And contrary, if the thickness of the supporting wall and coefficient of thermal conductivity of insulation layer was increased, the value the point thermal transmittance was decreased. It is possible to determine the value of thermal bridges of certain construction design solution by simplified calculations, according to the existing dependencies formulas or graphics. In this case it's necessary to have dependence of the point thermal bridges from thermal insulation properties and dimensions of envelop layers.
Introduction

Calculation of thermal transmittance value through building elements and thermal bridges
The calculation of the transmission heat transfer coefficient includes the contribution due to thermal bridges, according to Eq. 1: Thermal bridges may be defined according to EN ISO 10211. The linear thermal transmittance of the thermal bridges (Ψ) is calculated as in Eq. 2:
Methodology
where: A i -is the area of element i of the building envelope, in m 2 ; U i -is the thermal transmittance of element i of the building envelope, in W/(m 2 •K); l k -is the length of where: L
2D
-is the linear thermal coupling coefficient obtained from a twodimensional calculation of the component separating the two environments being where: L 3D -is the thermal coupling coefficient obtained from a 3-D calculation of the 3-D component separating the two environments being considered; U j -is the where: H 0 -specific heat losses through the repeated area of the envelop with fixing element, W/K; H -specific heat losses Linear thermal transmittance values depend on the system of dimensions used in calculating the areas of one-dimensional heat flow (i.e. in the calculation of ΣU j • l j ). But the total transmission heat transfer coefficient H D ( Eg.1) has to evaluate all thermal bridges, it means that not only linear but also point thermal bridges have to be evaluated.
In general, the influence of point thermal bridges (insofar as they result from the intersection of linear thermal bridges) can be neglected and so the correction term involving point thermal bridges can be omitted from Equation (1). If, however, there are significant point thermal bridges, then the point thermal transmittances should be calculated in accordance with ISO 10211. The point thermal transmittance (value-χ) is calculated as in Eq. 3:
considered; U j -is the thermal transmittance of the one-dimensional component j separating the two environments being considered; l j -is the length within the two-dimensional geometrical model over which the value of U j applies.
When the point thermal transmittance (χ-value) of fixing elements is determined by 3-D methodology, then specific heat losses through the repeated area of the envelop with fixing element H and without fixing element H 0 are calculated. The difference of these specific heat losses show the value of the point thermal transmittance (Eq. 4) thermal transmittance of the 1-D component i separating the two environments being considered; A i -is the area over which the value U i applies; Ψ j -are linear thermal transmittances; l j -is the length over which the value of Ψ j applies; N j -is the number of 2-D components; N i -is the number of 1-D components.
χ = H -H 0
through the repeated area of the envelop without fixing element, W/K.
Since fi xing elements are crossing insulation layer in local arias, they infl uence on heat transfer is evaluated by point thermal transmittance coeffi cient χ, W/K. If these point thermal bridges are repetitive in the envelop, they could be evaluated as supplement of the heat transmittance coefficient ΔU (Eq. 5), taking into account they number in 1 m 2 of the envelop. If the density of the fi xing elements is typical for the certain area of the envelop, it is possible to specify envelope's heat transmittance coeffi cient U, W/(m 2 •K) at once (Eq. 6).
where: n -the number of the fi xing elements per area, number./m 2 .
where: U o -heat transmittance coeffi cient of the envelope, without evaluation of the impact of the fi xing elements, W/(m 2 •K).
(5)
Assessment of the point thermal bridges
Ventilated facades with aluminum fi xing elements were chosen for the calculations (Fig. 1.) .
The principal scheme of the ventilated facades with aluminum fixing elements: a) top view; b) side view. 1 -supporting wall; 2 -thermal insulation layer; 3 -wind insulation layer; 4 -gasket; 5 -aluminum fixing elements; 6 -ventilated air gap; 7-facade panel Fixing elements' material is aluminum, wall thickness was 3 mm, width -40 mm. Fixing elements' to masonry wall were fi xed through the plastic 5mm width gasket. The distance between axis of aluminum system's elements was 600 mm in horizontal and vertical planes. Typical element of this wall was 600×600 mm according to the symmetry axis, with fi xing element in the middle (Fig. 2) . The area of such element was 0.36 m 2 , and the number of fi xing element in 1 m 2 of the envelope's area was : n = 2.778 vnt./m 2 .
Three dimensional temperature fi eld calculation program HEAT 3 was used in order to determine point thermal transmittance (χ-value) of aluminum fi xing element and dependence of this value on the construction's materials. With this program diff erent variation of constructions were calculated. Variations are presented in Table 1 . 
Statistical evaluation
Regression analysis were made in order to determine empirical dependence and relation between the point thermal transmittance (value-χ) and properties of construction materials, reliability and adequacy of calculation results.
The dependent variable was the point thermal transmittance (value-χ), interval variables were thermal conductivity coefficients of the supporting wall and insulation layer. Correlation coefficient R was used for the evaluation of the strength of connection of variables. Pearson statistics and significance level of α = 0.05 was used for the evaluation.
The linear regression model was evaluated according to the value of the determination coefficient R 2 , according to ANOVA p-value <0.05, according to VIF ≤ 4 (no multicolinearity problems), according to all Cook's values ≤ 1, according to compliance to correlation of signs of coefficients, according to standardized residual errors and P-P graphic. Table 1 Variations of calculated parameters
Behavior of the thermal flow through the pint thermal bridge
Three-dimensional temperature field simulation was made in order to determine the influence of the point thermal bridge to the behavior of thermal flow in the external wall of the building, with basic data of the envelop (Fig. 3) .
Thermal flow in the place of the thermal bridge is no smooth and parallel. In the warm part of insulation layer, the direction of the thermal flow is not only from the inner face, but also from the surrounding thermal insulation material. Respectively, in the cold part of the insulation layer, the direction of the thermal flow is not only to the external part, but to the thermal insulation
Results
Fig. 3
For the analyses of point thermal bridges basic construction variant was selected: thickness mm, thermal conductivity of the supporting wall λL = 0.5 W/(m•K), thickness of the insulati conductivity of the insulation layer λ T = 0.034 W/(m•K).
Statistical evaluation
Regression analysis were made in order to determine empirical dependence and rela transmittance (value-χ) and properties of construction materials, reliability and adequacy of c
The dependent variable was the point thermal transmittance (value-χ), interval varia coefficients of the supporting wall and insulation layer. Correlation coefficient R was used f of connection of variables. Pearson statistics and significance level of α = 0.05 was used for t The linear regression model was evaluated according to the value of the determinat ANOVA p-value <0.05, according to VIF ≤ 4 (no multicolinearity problems), according to to compliance to correlation of signs of coefficients, according to standardized residual errors
Results
Behavior of the thermal flow through the pint thermal bridge
Three-dimensional temperature field simulation was made in order to determine the bridge to the behavior of thermal flow in the external wall of the building, with basic data of Fig. 3 . Behavior of the thermal flow through the pint thermal bridge Thermal flow in the place of the thermal bridge is no smooth and parallel. In the w direction of the thermal flow is not only from the inner face, but also from the surround Supporting wall Thermal insulation material as well.
Depending on the material of the supporting wall, depends the capacity of the thermal flow to gather (on the cold side) or to disperse (on the worm side).
The results of the movement of thermal flow are presented in Fig. 4 . The results show, that if thermal conductivity of the material of the supporting wall, from the warm part of the insulation layer, is high, then there are conditions for the concentration of the high thermal flow at the place of the pint thermal bridge, close to insulation layer. Heat-conductive mate-rials, which were located at the cold part of the insulation layer, and developed surfaces of the fixing elements are creating conditions for the dispersion of the thermal flow. Therefore, the value of the point thermal transmittance will be higher.
The obtained results show, that the fixing elements of the buildings with ventilated facade systems are going through the insulation layer and they have higher thermal conductivity compared with insulation layer. That's why there were high thermal flows in the intersection part and the effectiveness of thermal transmittance was increased. The point thermal transmittance (χ-value) depends on the type and material of the fixing element, as well as on the properties of the other construction materials: on the thermal conductivity and thickness of the insulation layer as well as on the thermal conductivity and thickness of the supporting wall.
Evaluation of the dependency of thermal bridge The obtained results show, that the fixing elements of the buildings with ventilated facade systems are going through the insulation layer and they have higher thermal conductivity compared with insulation layer. That's why there were high thermal flows in the intersection part and the effectiveness of thermal transmittance was increased. The point thermal transmittance (χ-value) depends on the type and material of the fixing element, as well as on the properties of the other construction materials: on the thermal conductivity and thickness of the insulation layer as well as on the thermal conductivity and thickness of the supporting wall. Table 1 ). If the thermal conductivity value λL of the supporting wall is increased, the influence of the point thermal transmittance (χ-value) to the total envelope's heat transmittance is increased by logarithmic distribution. Results, presented in Fig. 5 show, that when the thermal conductivity of the supporting wall λL is increased from 0.1 W/(m•K) till 1 W/(m•K), value of the point thermal transmittance is increased from χ = 0.008 W/K till χ = 0.039 W/K (it's almost 5 times higher), the supplement of the heat transmittance coefficient ΔU is increased from 0.022 till 0.109 W/(m 2 •K), because of the influence of the fixing elements. The obtained results show, that the fixing elements of the buildings with ventilated facade systems are going through th insulation layer and they have higher thermal conductivity compared with insulation layer. That's why there were hig thermal flows in the intersection part and the effectiveness of thermal transmittance was increased. The point therma transmittance (χ-value) depends on the type and material of the fixing element, as well as on the properties of the othe construction materials: on the thermal conductivity and thickness of the insulation layer as well as on the therma conductivity and thickness of the supporting wall. ity value λ L of the supporting wall is increased, the influence of the point thermal transmittance (χ-value) to the total envelope's heat transmittance is increased by logarithmic distribution. Results, presented in Fig. 5 show, that when the thermal conductivity of the supporting wall λ L is increased from 0.1 W/(m•K) till 1 W/(m•K), value of the point thermal transmittance is increased from χ = 0.008 W/K till χ = 0.039 W/K (it's almost 5 times higher), the supplement of the heat transmittance coefficient ΔU is increased from 0.022 till 0.109 W/(m 2 •K), because of the influence of the fixing elements.
Evaluation of the dependency of thermal bridge
If Eq. 7 is transformed as: (7) (8)
Logarithmic function of the point thermal transmittance (χ-value) of the supporting wall could be given as follow:
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Correlation between the value of the point thermal transmittance (χ-value) and the value of thermal conductivity coefficient of the supporting wall is strong (R = 0.997). The positive value of the correlation coef-
Fig. 6
Normal P-P plot of regression standardized residual, with different value of the point thermal transmittance of the supporting wall material
We are getting expression of linear regression (9), which statistical reliability is checked later:
ficient is showed, that with the increase of the thermal conductivity coefficient of the layer of the supporting wall (λ L ) the point thermal transmittance (χ-value) was increased as well. It was not an accidental coincidence and correlation was statistically significant (the determined p-value = 0 < 0.05).
With the use of linear regression method, determination coefficient was R 2 = 0.994. Relevance of the selected method was approved by ANOVA (p-value = 0). The tested multicolinearity problem 
1 -supporting wall; 2 -thermal insulation layer.
The obtained results show, that the fixing elements of the buildings with ventilated facade systems are going through the sulation layer and they have higher thermal conductivity compared with insulation layer. That's why there were high ermal flows in the intersection part and the effectiveness of thermal transmittance was increased. The point thermal ansmittance (χ-value) depends on the type and material of the fixing element, as well as on the properties of the other onstruction materials: on the thermal conductivity and thickness of the insulation layer as well as on the thermal onductivity and thickness of the supporting wall.
.2 Evaluation of the dependency of thermal bridge Table 1 ). If the thermal conductivity value λL of the supporting wall is increased, e influence of the point thermal transmittance (χ-value) to the total envelope's heat transmittance is increased by garithmic distribution. Results, presented in Fig. 5 show, that when the thermal conductivity of the supporting wall λ L is creased from 0.1 W/(m•K) till 1 W/(m•K), value of the point thermal transmittance is increased from χ = 0.008 W/K till χ = .039 W/K (it's almost 5 times higher), the supplement of the heat transmittance coefficient ΔU is increased from 0.022 till .109 W/(m 2 •K), because of the influence of the fixing elements.
ig. 5. Dependence of the calculated value of the thermal bridge of e fixing element on the value of the point thermal transmittance of e supporting wall (VIF = 1 and it is less than 4) showed, that the problem was not present in the applicable model. Cook's maximum was 0, so there were no extremes.
Fig. 6 is presenting P-P graphic, which shows results of the relative percentage frequency of the standardized residual errors and the normal random variable. Results presented in Fig. 7 show, that normality requirement were satisfied for the standardized residual errors. Therefore, in order to detect value of the point thermal transmittance (χ-value) according to the value of the thermal conductivity coefficient of the layer of the supporting wall, empirical equation could be used (Eq. 10):
The thickness of the supporting wall (d L ) also had influence on the value of the point thermal transmittance (2 nd var., Table 1 ). Results presented in Fig. 7 , show the change of the value of the point thermal transmittance, when the thickness of the construction was changed from 50 till 500 mm (2 st. var.
Logarithmic function of the point thermal transmittance (χ-value) of the supporting wall c χ = β0 +β1 ln•λL If Eq. 7 is transformed as:
We are getting expression of linear regression (9), which statistical reliability is checked l
Correlation between the value of the point thermal transmittance (χ-value) and the coefficient of the supporting wall is strong (R = 0.997). The positive value of the correlation c the increase of the thermal conductivity coefficient of the layer of the supporting wall (λL) the value) was increased as well. It was not an accidental coincidence and correlation was statistica p-value = 0 < 0.05).
With the use of linear regression method, determination coefficient was R 2 = 0.994. Rel was approved by ANOVA (p-value = 0). The tested multicolinearity problem (VIF = 1 and it problem was not present in the applicable model. Cook's maximum was 0, so there were no ex Fig. 6 is presenting P-P graphic, which shows results of the relative percentage frequen errors and the normal random variable. Results presented in Fig. 7 show, that normality requ standardized residual errors. Therefore, in order to detect value of the point thermal transmitta value of the thermal conductivity coefficient of the layer of the supporting wall, empirical equa χ = 0.038 +0.014•ln•λL
The thickness of the supporting wall (dL) also had influence on the value of the point t Table 1 ). Results presented in Fig. 7 , show the change of the value of the point thermal transm the construction was changed from 50 till 500 mm (2 st.
var. Table 1 ). It was determined th supporting wall was increased, the value of the point thermal transmittance was decreasing 0.022 W/K). Respectively, the additive of the heat transmittance coefficient because of the in (ΔU = χ • n) decreased from 0.094 till 0.060 W/(m 2 •K). Table 1 ). It was determined that when the thickness of the supporting wall was increased, the value of the point thermal transmittance was decreasing (from χ = 0.034 W/K till χ = 0.022 W/K). Respectively, the additive of the heat transmittance coefficient because of the influence of the fixing elements (ΔU = χ • n) decreased from 0.094 till 0.060 W/(m 2 •K).
Correlation between the value the point thermal transmittance (χ-value) and value of the thickness of the supporting wall (d T ) was strong (R = -0.988). A negative value of the Fig. 7 The dependence of the calculated values of the point thermal transmittance on the thickness of the supporting wall
Journal of Sustainable Architecture and Civil Engineering 2015/2/11 66 correlation coefficient R indicated that with the increase of the value of thickness of the supporting wall, the value of the point thermal transmittance (χ-value) was decreasing. It was not an accidental coincidence and correlation was statistically significant (the determined p-value = 0 < 0.05).
With the use of linear regression method, determination coefficient was R 2 = 0.977. Relevance of the selected method was approved by ANOVA (p-value = 0). The tested multicolinearity problem (VIF = 1 and it is less than 4) showed, that the problem was not present in the applicable model. Cook's maximum was 0, so there were no extremes.
Fig. 8
Normal P-P plot of regression standardized residual, with different value of supporting wall thickne rting wall (dL) also had influence on the value of the point thermal transmittance (2 nd Results of P-P graphic presented in Fig. 8 show, that normality requirement were satisfied for the standardized residual errors. Therefore, in order to detect value of the point thermal transmittance (χ-value) according to the value of the thickness of the supporting wall (d T ), empirical equation could be used (Eq. 11):
The values of the point thermal transmittance of the fixing elements also depend on the values of thermal conductivity of the insulation layer (λ T ). Results presented in Fig. 9 , show the change of the value of the point thermal transmittance, when the values of thermal conductivity of the insulation layer λ T was changed from 0.03 W/(m•K) till 0.04 W/(m•K) (3 st. var. Table 1) . It was determined, that when the thermal conductivity coefficient of the insulation layer (λ T ) was increased, the value of the point thermal transmittance was decreasing from 0.029 W/K till 0.028 W/K. Respectively, the additive of the heat transmittance coefficient because of the influence of the fixing elements (ΔU = χ • n) decreased from 0.081 till 0.078 W/(m2•K).
Correlation between the value of the point thermal transmittance and value of thermal conductivity coefficient of the insulation layer existed (R = -0.999). A negative value of the correlation coefficient R indicated that with the increase of the value of thermal conductivity coefficient of the insulation layer, the value of the point thermal transmittance was decreasing. It was not an Fig. 9 The dependence of the calculated values of the point thermal transmittance on the values of thermal conductivity of the insulation layer value of thickness of the supporting wall, the value of the point thermal transmittance (χ-value) was decreasing. It was not an accidental coincidence and correlation was statistically significant (the determined p-value = 0 < 0.05).
Results of P-P graphic presented in Fig. 8 show, that normality requirement were satisfied for the standardized residual errors. Therefore, in order to detect value of the point thermal transmittance (χ-value) according to the value of the thickness of the supporting wall (dT), empirical equation could be used (Eq. 11):
The values of the point thermal transmittance of the fixing elements also depend on the values of thermal conductivity of the insulation layer (λT). Results presented in Fig. 9 , show the change of the value of the point thermal transmittance, when the values of thermal conductivity of the insulation layer λT was changed from 0.03 W/(m•K) till 0.04 W/(m•K) (3 st.
var. Table 1) . It was determined, that when the thermal conductivity coefficient of the insulation layer (λT) was increased, the value of the point thermal transmittance was decreasing from 0.029 W/K till 0.028 W/K. Respectively, the additive of the heat transmittance coefficient because of the influence of the fixing elements (ΔU = χ • n) decreased from 0.081 till 0.078 W/(m2•K). With the use of linear regression method, determination coefficient was R 2 = 0.999. Relevance of the selected method was approved by ANOVA (p-value = 0). The tested multicolinearity problem (VIF = 1 and it is less than 4) showed, that the problem was not present in the applicable model. Therefore, in order to detect value of the point thermal transmittance according to the value of thermal conductivity of the insulation layer, empirical equation could be used (Eq. 12):
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Fig. 10
Normal P-P plot of regression standardized residual, with different value of thermal conductivity of the insulation layer χ = 0.032 -0.093λ T (12) Fig. 10 is presenting P-P graphic, which shows results of the relative percentage frequency of the standardized residual errors and the normal random variable. According to these results it can be stated, that normality requirement were satisfied for the standardized residual errors.
Results presented in Fig. 11 , show the change of the value of the point thermal transmittance, when the thickness of the insulation layer d T was changed from 100 mm till 200 mm (4 var. of the calculation, Table 1 ). It was determined, that when the thickness of the insulation layer was increased till 150 mm, the value of the point thermal transmittance was increasing. Later this tendency of increase is not so strong.
When the thickness of the insulation layer was increased till 180 mm, the value of the point thermal transmittance χ was reaching 0.02935 W/K. Respectively, the additive of the heat transmittance coefficient ΔU because of the influence of the fixing elements was increasing up to 0.082 W/ (m 2 •K). That showed, that the value of the point thermal transmittance dependence was not linear. Therefore, the curve presented in the Fig. 11 could be described by following dependence (13):
The values of the point thermal transmittance of the fixing elements also depend on the values of thermal conductivity e insulation layer (λ T ). Results presented in Fig. 9 , show the change of the value of the point thermal transmittance, the values of thermal conductivity of the insulation layer λ T was changed from 0.03 W/(m•K) till 0.04 W/(m•K) (3 st. able 1). It was determined, that when the thermal conductivity coefficient of the insulation layer (λ T ) was increased, the of the point thermal transmittance was decreasing from 0.029 W/K till 0.028 W/K. Respectively, the additive of the transmittance coefficient because of the influence of the fixing elements (ΔU = χ • n) decreased from 0.081 till 0.078 2•K). Correlation between the value of the point thermal transmittance and value of thermal conductivity coefficient of the ation layer existed (R = -0.999). A negative value of the correlation coefficient R indicated that with the increase of the of thermal conductivity coefficient of the insulation layer, the value of the point thermal transmittance was decreasing. s not an accidental coincidence and correlation was statistically significant (the determined p-value = 0 < 0.05). With the use of linear regression method, determination coefficient was R 2 = 0.999. Relevance of the selected method pproved by ANOVA (p-value = 0). The tested multicolinearity problem (VIF = 1 and it is less than 4) showed, that the em was not present in the applicable model. Therefore, in order to detect value of the point thermal transmittance according to the value of thermal conductivity of sulation layer, empirical equation could be used (Eq. 12):
Fig. 10 is presenting P-P graphic, which shows results of the relative percentage frequency of the standardized residual s and the normal random variable. According to these results it can be stated, that normality requirement were satisfied e standardized residual errors.
Results presented in Fig. 11 , show the change of the value of the point thermal transmitt insulation layer dT was changed from 100 mm till 200 mm (4 var. of the calculation, Table 1 the thickness of the insulation layer was increased till 150 mm, the value of the point therma Later this tendency of increase is not so strong.
When the thickness of the insulation layer was increased till 180 mm, the value of the po reaching 0.02935 W/K. Respectively, the additive of the heat transmittance coefficient ΔU b fixing elements was increasing up to 0.082 W/(m 2 •K). That showed, that the value of th dependence was not linear. Therefore, the curve presented in the Fig. 11 could be described by
By transforming (14) this dependence we are getting linear regression expression (15), tested later. With the use of linear regression method, determination coefficient was R 2 = 0.766. Re was approved by ANOVA (p-value = 0). The tested multicolinearity problem (VIF = 1 and it problem was not present in the applicable model. Cook's maximum was 0.01, so there were no Fig. 12 is presenting P-P graphic, which shows results of the relative percentage frequen errors and the normal random variable. According to these results it can be stated, that norma for the standardized residual errors. Therefore, in order to detect value of the point thermal value of the thickness of the insulation layer, empirical equation could be used (Eq. 16): χ = 0.027 + 0.067
Discussion
The point thermal transmittance (value-χ) calculation results are showing, that the po value) depends on the thickness and thermal properties of building envelop. According to stated, that from all tested factors, the biggest influence to the value of the point thermal trans Fig. 11 The dependence of the calculated values of the point thermal transmittance on the thickness of the insulation layer χ = β 0 +β 1
By transforming (14) this dependence we are getting linear regression expression (15), which statistical significance is tested later.
Results presented in Fig. 11 , show the change of the value of the point thermal transmittance, when the thickness of the insulation layer dT was changed from 100 mm till 200 mm (4 var. of the calculation, Table 1 ). It was determined, that when the thickness of the insulation layer was increased till 150 mm, the value of the point thermal transmittance was increasing. Later this tendency of increase is not so strong.
When the thickness of the insulation layer was increased till 180 mm, the value of the point thermal transmittance χ was reaching 0.02935 W/K. Respectively, the additive of the heat transmittance coefficient ΔU because of the influence of the fixing elements was increasing up to 0.082 W/(m 2 •K). That showed, that the value of the point thermal transmittance dependence was not linear. Therefore, the curve presented in the Fig. 11 could be described by following dependence (13):
By transforming (14) this dependence we are getting linear regression expression (15), which statistical significance is tested later. Results presented in Fig. 11 , show the change of the value of the point thermal transmittance, when the thickness of the insulation layer d T was changed from 100 mm till 200 mm (4 var. of the calculation, Table 1 ). It was determined, that when the thickness of the insulation layer was increased till 150 mm, the value of the point thermal transmittance was increasing. Later this tendency of increase is not so strong.
By transforming (14) this dependence we are getting linear regression expression (15), which statistical significance is tested later. Results presented in Fig. 11 , show the change of the value of the point thermal transmittance, when the thickness of the ulation layer d T was changed from 100 mm till 200 mm (4 var. of the calculation, Table 1 ). It was determined, that when thickness of the insulation layer was increased till 150 mm, the value of the point thermal transmittance was increasing. ter this tendency of increase is not so strong.
When the thickness of the insulation layer was increased till 180 mm, the value of the point thermal transmittance χ was ching 0.02935 W/K. Respectively, the additive of the heat transmittance coefficient ΔU because of the influence of the ing elements was increasing up to 0.082 W/(m 2 •K). That showed, that the value of the point thermal transmittance pendence was not linear. Therefore, the curve presented in the Fig. 11 could be described by following dependence (13):
By transforming (14) this dependence we are getting linear regression expression (15), which statistical significance is ted later. With the use of linear regression method, determination coefficient was R 2 = 0.766. Relevance of the selected method was approved by ANOVA (p-value = 0). The tested multicolinearity problem (VIF = 1 and it is less than 4) showed, that the problem was not present in the applicable model. Cook's maximum was 0.01, so there were no extremes. Fig. 12 is presenting P-P graphic, which shows results of the relative percentage frequency of the standardized residual errors and the normal random variable. According to these results it can be stated, that normality requirement were satisfied for the standardized residual errors. Therefore, in order to detect value of the point thermal transmittance according to the value of the thickness of the insulation layer, empirical equation could be used (Eq. 16):
By transforming (14) this dependence we are getting linear regression expression (15), which statistical significance is tested later. With the use of linear regression method, determination coefficient was R 2 = 0.766. Relevance of the selected method was approved by ANOVA (p-value = 0). The tested multicolinearity problem (VIF = 1 and it is less than 4) showed, that the problem was not present in the applicable model. Cook's maximum was 0.01, so there were no extremes. Fig. 12 is presenting P-P graphic, which shows results of the relative percentage frequency of the standardized residual errors and the normal random variable. According to these results it can be stated, that normality requirement were satisfied for the standardized residual errors. Therefore, in order to detect value of the point thermal transmittance according to the value of the thickness of the insulation layer, empirical equation could be used (Eq. 16):
The point thermal transmittance (value-χ) calculation results are showing, that the point thermal transmittance (χ -value) depends on the thickness and thermal properties of building envelop. According to the results (Fig. 13) , it can be stated, that from all tested factors, the biggest influence to the value of the point thermal transmittance and to the increase of The point thermal transmittance (value-χ) calculation results are showing, that the point thermal transmittance (χ -value) depends on the thickness and thermal properties of building envelop. According to the results (Fig. 13) , it can be stated, that from all tested factors, the biggest influence to the value of the point thermal transmittance and to the increase of the heat transmittance coefficient of all construction could have thermal conductivity of the layer of the supporting wall (envelope's U value may increase up to 35%). This factor is very important in the practice. Material of the supporting wall can be different, from the masonry with good thermal properties to the monolithic concrete, which has poor thermal conductivity properties. In particular, it is important to properly evaluate houses, which are additionally insulated and construction of the wall may be not completely clear. It is also very important to select properly the material between the aluminum fixing element and construction material (interim, sheath), which can significantly reduce the flow of heat between the aluminum elements and dense, heat-conductive material of the supporting structure. When designing energy efficient buildings, where thermal insulation material thickness must be large in order to fulfill air tightness requirements set for these buildings, it is important to know that with the increase of the thickness of the thermal insulation layer, the influence of the point thermal transmittance (value-χ) to the total heat transmittance coefficient is increasing up to certain limit.
Then the influence of the thermal properties of thermal insulation layer on the value of the point thermal transmittance is analyzed, it can be observed, that with the increase of the effectiveness of the thermal insulation layer, the value of the point thermal transmittance is increasing. This tendency is due to the high difference of the thermal conductivity coefficient values of thermal insulation material and aluminum fixing element. The higher thermal conductivity of the material, located on one or another part of the insulation layer, will increase the value of the point thermal transmittance because of the better conditions for the heat flow to collect (inner part) or spread (external part). However, the use of the effective insulation materials in envelop will reduce heat loss more significantly than increase because of the increased the point thermal transmittance (value-χ). Therefore, the values of the point thermal transmittance might be higher if polymer material with "solid, nonelastic structures" are used in ventilated systems. An important fact is that, the aluminum elements are among the most conductive materials, so the use of fixing elements made from other materials (steel, fiberglass) material will significantly decrease their influence on envelop's thermal conductivity.
When the analyses of the average values of selected factors were made, it can be observed (Fig. 13) , that all factors analyzed in this work are significant, so they should be assessed holistically. When the dependence of the point thermal bridges is made because of different parameters of the construction (thickness and thermal properties of the materials), it is possible to predict values of the point thermal transmittance if we know the value calculated for the basic design variant and differences of the construction from the basic one. It is important for the design of energy efficient performance buildings,
Fig. 13
Increase of envelope's U value because of the influence of different factors transmittance (value-χ). Therefore, the values of the point thermal transmittance mi "solid, nonelastic structures" are used in ventilated systems. An important fact is that most conductive materials, so the use of fixing elements made from other ma significantly decrease their influence on envelop's thermal conductivity. When the analyses of the average values of selected factors were made, it can analyzed in this work are significant, so they should be assessed holistically. Fig. 13 . Increase of envelope's U value because of the influence of different fact When the dependence of the point thermal bridges is made because of di (thickness and thermal properties of the materials), it is possible to predict values o know the value calculated for the basic design variant and differences of the construc for the design of energy efficient performance buildings, because the calculation of th is complicated, requiring additional knowledge, special software and the skills to thermal bridges are quite often ignored in the practice. This might lead to large erro buildings and the design of heating and ventilation systems.
Conclusions
Studies have shown, that the value of the point thermal transmittance, which dep envelop and thickness of the layers (to which aluminum fixing element is fifed), migh of the supporting wall and coefficient of thermal conductivity of insulation layer, th transmittance. Meanwhile, the dependence of the point thermal transmittance on the th conductivity coefficient of the supporting wall was not linear.
When the dependence of the values of the point thermal transmittance from th properties and thickness of the supporting wall material; type and material of the fix of thermal insulation material) is determined, the values of the point thermal transmitt might be find by simplified calculations according to existing dependencies formulas because the calculation of the point thermal transmittance (value-χ) is complicated, requiring additional knowledge, special software and the skills to use them. For these reasons, the point thermal bridges are quite often ignored in the practice. This might lead to large errors in assessing the energy efficiency of buildings and the design of heating and ventilation systems.
Studies have shown, that the value of the point thermal transmittance, which depended on the thermal properties of the envelop and thickness of the layers (to which aluminum fixing element is fifed), might increase to 35%. The higher thickness of the supporting wall and coefficient of thermal conductivity of insulation layer, the lower the value of the point thermal transmittance. Meanwhile, the dependence of the point thermal transmittance on the thickness of insulation layer and thermal conductivity coefficient of the supporting wall was not linear.
When the dependence of the values of the point thermal transmittance from the facade system components (thermal properties and thickness of the supporting wall material; type and material of the fixing element; properties and dimensions of thermal insulation material) is determined, the values of the point thermal transmittance of the selected construction design might be find by simplified calculations according to existing dependencies formulas or graphics.
The dependence of the point thermal bridge established in this work, requires more detailed assessment of these bridges. It should not be limited to typical schemes, which often ignore the precise thickness and characteristics of the material.
